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ROOZENDAAL, B., J. M. KOOLHAAS AND B. BOHUS. Central amygdala lesions affect behavioral nd autonomic balance 
during stress in rats. PHYSIOL BEHAV 50(4) 777-781, 1991.--The ffects of a bilateral electrolytical lesion of the CEA on the 
behavioral and sympathetically induced cardiac response in the shock-probe/defensive-burying testhave been analyzed in male 
Wistar rats. Lesions in the CEA failed to affect defensive burying and accompanying tachycardiac response as compared to sham- 
lesioned controls during the presentation of the electrified shock probe (unconditioned test). However, CEA lesioning attenuated 
the bradycardiac response and the immobility behavior during the late part of the test. Retention of this behavior one day after the 
exposure to the probe (conditioned test) was attenuated by the lesion. However, when the lesion was placed after the uncondi- 
tioned test situation, retention of the burying was not affected, but the animals failed to show immobility behavior. These results, 
in agreement with former studies, suggest hat the CEA is involved particularly in the organization and/or expression of the pas- 
sive component of the behavior and the parasympathetic outflow during stress. The active component, i.e., burying behavior, and 
the accompanying tachycardiac response remains unaffected unless the acquisition of the stress response took place with damaged 
CEA. 
Central amygdaloid nucleus Electrolytic lesion 
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THE central nucleus of the amygdala (CEA) is considered to be 
involved in the modulation of autonomic and behavioral compo- 
nents of the stress response. For example, electrical and chemi- 
cal stimulation of the CEA in awake, freely moving animals 
produces vagally mediated gastric ulcer formation (3, 15, 16) 
and leads to a variety of stress-like changes in arterial blood 
pressure, heart rate, respiratory rate, etc. (2, 6, 12). Further- 
more, lesioning of the CEA attenuates the formation of stress- 
induced gastric ulcers (4). Similarly, we demonstrated that 
electrolytic destruction of the CEA disrupts the bradycardiac re- 
sponse elicited as a consequence of a previous inescapable foot- 
shock. The behavioral component of this conditioned stress 
response (immobility) remains unaltered, suggesting a different 
role of the CEA in the physiological and behavioral stress re- 
sponse (17). However, others have reported an attenuated im- 
mobility response after CEA destruction (7,10). These studies 
suggest hat the CEA is not only involved in the control of the 
parasympathetic output of the autonomic nervous system, but 
also in the more passive type of behavioral stress response. 
However, in most of these studies, an active behavioral response 
in order to cope with stress was impossible. Thus these para- 
digms do not allow a conclusion on the possible role of the CEA 
in a more active type of behavioral stress response and the ac- 
companying sympathetic outflow. 
If a novel stimulus of an electrified probe is provided to the 
rat, receiving a shock is followed by pushing the bedding mate- 
rial towards or over the probe (defensive burying) (20). This can 
be considered as an active behavioral response to cope with 
stress. The accompanying autonomic response is tachycardia, 
reflecting an increased sympathetic outflow (8). We used this 
shock-probe/defensive-burying test to study a possible involve- 
ment of the CEA in active behavior and its accompanying sym- 
pathetic response by analyzing the effects of bilateral esions of 
the CEA on the cardiovascular and behavioral response in the 
male Wistar rat. 
Most prominent changes after CEA lesioning can be seen in 
the conditioned responses to an exposure of an aversive stimu- 
lus, suggesting a role in learning and/or memory. This relation 
of the CEA to learning and memory is not completely clear. 
Therefore, in the present experiment, he bilateral esions were 
made either before or after acquisition, i.e., exposure of the 
electrified shock probe to the rats, after which they were tested 
for retention with a nonelectfified probe. 
METHOD 
Animals 
Forty young adult (8-10 weeks old) Wistar rats, bred in this 
laboratory (originally derived from the Cpb TNO, Zeist, The 
Netherlands), weighing 280-320 g, were used. During the ex- 
periments, the rats were housed individually in clear perspex 
cages (25 × 25 × 30 cm) with a sawdust-covered floor. Food and 
water were available ad lib in a temperature-controlled environ- 
ment of 21 _+ I°C, with lights on from 0830 to 2030 h. The ex- 
periments were carried out during the light period of the cycle 
(between 1000 and 1500 h). Minimally one day before the be- 
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ginning of the experiment, he rats received two electrodes made 
of standard paper clips to record the electrocardiogram (ECG). 
The electrodes were implanted transcutaneously under light ether 
anesthesia, one between the scapulae and the other in the mid- 
die of the back (1). 
Apparatus 
The experiments were performed in the rats' home cage. A 
removable Teflon probe (6.5 cm long, 1 cm in diameter) was 
inserted 2 cm above the bedding material through a small hole 
in the center of the front wall of the perspex cage. Electric cur- 
rent (1.5 mA, 50 Hz, AC) was administered through two unin- 
sulated wires (0.5 mm in diameter) each independently wrapped 
25 times around the probe. 
Electrolytical Lesion of the CEA 
The animals were anesthetized with ether and placed into a 
David-Kopf stereotaxic apparatus. The lesions were made with a 
monopolar stainless steel electrode (outer diameter of 0.2 mm 
and an uninsulated tip of 0.1 mm) aimed at the central amygdala 
(coordinates: 6.7 mm rostral to interaural, lateral 4.0 mm to the 
midline and ventral 7.0 mm below dura) (14). The lesions were 
made with an anodal current of 1.25 mA during 5 s. In the 
sham-operated controls, the electrode was lowered 6.0 mm be- 
low dura and no current was passed. The animals were allowed 
one week for postsurgical recovery. 
ECG Recording and Analysis 
The ECG of freely moving rats was monitored telemetrically 
by means of a miniature FM transmitter (model SNR 102F, Dy- 
namic Electronics Ltd., London, England) as described earlier 
(1,17). Briefly, the transmitter was connected to the transcuta- 
neous electrodes and secured around the chest of the rat by 
means of a Velcrose strap. The transmitted signals were received 
on a commercial FM receiver and stored on tape for off-line 
computer analysis (Olivetti M24). For analysis, the recorded 
ECG samples were played back through a cardiotachometer 
pulse generator that generated a square wave at each R-wave. 
The time between the onset of two consecutive pulses, the inter- 
beat interval (IBI), was measured. IBis falling within the range 
of 100-220 ms have been selected for computing the mean IBI 
of each sampling period. 
Procedure 
The strap holding an ECG transmitter was fixed around the 
chest of the rat 4 times for an hour divided over two days to 
habituate the animals to the testing circumstances. On day 1, the 
electrified shock probe was inserted for 20 rain, and whenever 
the rat touched the probe, an electric shock was received (re- 
peated shock probe procedure) (20). During this acquisition or 
unconditioned test situation, heart rate was recorded for l-min 
periods, without probe at t = - 10 and - 1 rain, and during the 
presence of the probe at t= 1, 3, 5, 10 and 20 min. Burying 
and immobility behavior was recorded continuously by direct 
observation during the first 5 minutes of the presentation of the 
probe, and further at t = 9 and 19 min using 2-min sampling pe- 
riods. On day 2, the animals were reexposed to the probe, but 
now without current. Cardiac and behavioral measures were 
taken with the same schedule as on day 1 (retention or condi- 
tioned test situation). 
Experimental Design 
Twenty animals were lesioned (or sham lesioned) one week 
before the beginning of the experiment. On day 1, the electri- 
fied probe was introduced into the home cage tot 20 rain. Heart 
rate and behavior were monitored (acquisition test). One dax 
later, the (nonelectrified) probe was reintroduced lretention test). 
Cardiac and behavioral measures were taken with the same 
schedule as during the unconditioned test. 
Another group of twenty animals was first exposed to the 
probe. One day after the acquisition training, bilateral lesioning 
of the CEA was performed in 10 animals. The remaining 10 an- 
imals received a sham lesion. One week later, they were tested 
for retention by exposing them to the nonelectrified probe. 
Histology 
At the completion of cardiac and behavioral testing, the 
CEA-lesioned animals were deeply anesthetized with sodium 
pentobarbital (90 mg/kg IP) and perfused intracardially with sa- 
line followed by a 4% formaldehyde solution. The brain was re- 
moved from the skull and fixed in 4% formaldehyde for at least 
24 h. Subsequently, frozen sections of 40 ~m were cut and the 
lesion place was examined on unstained sections. 
CEA damage as determined 6.7 mm rostral to interaural line 
had to consist of a minimum of 50% in each animal. 
Statistics 
The physiological data were evaluated for statistical signifi- 
cance using a two-way ANOVA with repeated measures. Post 
hoc analysis was performed with the Student's t-test. The Mann- 
Whitney U test (two-tailed, corrected for ties) was used to test 
the behavioral data. A probability level of p<0.05 was taken as 
being statistically significant for all tests. 
RESULTS 
Acquisition and Retention of the Aversive Experience by 
CEA-Lesioned Animals 
Histological examination of the lesion sites revealed that none 
of the rats had to be excluded from further analysis. Areas adja- 
cent to the CEA, in particular the zona incerta and basolateral 
amygdaloid nucleus, were occasionally damaged. None of the 
lesions caused any damage in the medial nucleus of the amygdala. 
Because of the electrolytic nature of the lesions, the fibers of 
passage of the stria terminalis in the medial part of the CEA 
were also destroyed (Fig. 1A). 
Behavioral response. During the first 5 min of the presenta- 
tion of the electrified probe, both the CEA-lesioned and sham- 
lesioned animals showed the same amount of burying behavior 
(Table 1). At t= 10 min, the CEA-lesioned animals displayed 
significantly more burying (p<0.05) in comparison with the 
sham-lesioned animals. Moreover, the sham-lesioned animals 
showed a progressive increase in immobility, which did not oc- 
cur in the lesioned animals. At all subsequent 3 sampling peri- 
ods, this difference reached significance (p<0.05). 
On day 2 during the first 5-min period of the conditioned test 
situation (retention), the sham-operated rats showed burying and 
immobility behavior. The lesioned animals displayed signifi- 
cantly less burying (p<0.05) and immobility behavior (p<0.01) 
in comparison with the sham-lesioned controls (Table 1). In both 
groups, burying behavior disappeared at t = 10 min. Substantially 
more immobility behavior was displayed by the sham-lesioned 
animals at t=  10 and t=20 min, but the difference with the le- 
sioned animals did not reach statistical significance. 
Cardiac response. In the absence of the probe, under resting 
conditions, significant differences in heart rate were absent be- 
tween the CEA-lesioned and sham-lesioned animals. After re- 




FIG. 1. Coronal section of the rat brain at 6.7 mm rostral to interaural 
showing a representative lesion (black) and the total area covered by the 
lesions (gray) in the pretraining [(A); n= 10] and posttraining experi- 
ments [(B); n=6]. 
ceiving the first shock through the probe, a significant lesioning 
× time interaction existed, F(4,52)=55.09, p<0.05.  Both the 
lesioned and sham-lesioned rats displayed an immediate shorten- 
ing of the IBis (t = 1, 3 and 5 min), indicating a tachycardiac 
reaction. At t = 3 min, the heart rate in the sham-lesioned ani- 
mals was significantly faster in comparison with the CEA- 
lesioned animals (p<0.05). However, at t = 10 min, an opposite 
difference was observed between the groups 07<0.05): the ta- 
chycardia (shorter IBI) persisted in the CEA-lesioned animals, 
whereas the heart rate of the sham-operated animals was return- 
ing to the control level. At t = 20 min, a slight but not signifi- 
cant difference was shown near baseline level (Fig. 2A). 
One day later, in the retention (conditioned) test, the base- 
line heart rate did not differ significantly between the two groups 
before the presentation of the nonelectrified probe. However, the 
sham-lesioned animals showed a larger tachycardiac response in 
the initial phase during the presentation of the probe than the 
TABLE 1 
EFFECTS OF PRETRAINING CEA LESIONS 
ON BURYING AND IMMOBILITY BEHAVIOR 
Acquisition Test Retention Test 
CEA- Sham- CEA- Sham- 
Lesioned Lesioned Lesioned Lesioned 
1-5 min 
burying 43.0 __. 5.2" 51.0 ± 5.3 
immobility 4.1 ± 1.1 20.1 --- 5.5* 
10 min 
burying 28.7 ± 8.9 5.8 --- 2.5* 
immobility 5.4 - 1.2 46.9 __. 9.2* 
20 min 
burying 24.3 ± 10.6 3.5 ± 1.8 
immobility 10.3 ± 7.7 52.7 ± 11.1" 
16.0 --- 6.7 30.5 +-- 4.9* 
3.2 --- 1.3 27.1 ± 3.4f 
4.0 --- 2.5 10.5 ± 10.5 
0.4 ± 0.3 30.2 ± 14.0 
5.5 - 5.4 13.2 --+ 7.8 
1.3 ± 1.0 18.0 ± 15.8 
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FIG. 2. Changes in interbeat interval (IBI) (---S.E.M.) as a consequence 
of the presentation f the electrified (A) and, one day later, the nonelec- 
trifled probe (B) in the home cage of the pretraining CEA-lesioned (O: 
n= 10) or sham-lesioned animals (O: n = 9). The horizontal bar repre- 
sents the presence of the shock probe in the home cage of the experi- 
mental animals. 
CEA-lesioned animals, resulting in a significant difference at 
t= 3 min (p<0.05). In both groups of animals, the heart rate 
response diminished gradually and reached control levels at 
t = 10 min (Fig. 2B). 
Retention of an Aversive Experience by CEA-Lesioned Animals 
The data of 15 animals were analyzed, 6 of which were CEA 
lesioned and 9 sham lesioned. Five animals were excluded from 
the analysis, 3 of them because of improper CEA lesioning and 
2 rats (one lesioned and one sham-lesioned) failed to show the 
retention response, i.e., burying. In the remaining lesioned ani- 
mals, the CEA damage as determined at 6.7 mm to interaural 
was comparable to the histological results in Experiment 1 
(Fig. 1B). 
Behavioral response. After the presentation of the shock- 
probe during the prelesion acquisition test, all rats showed com- 
parable burying behavior. After several minutes, this response 
was altered in a progressive increase in immobility (data not 
presented). 
During the presentation of the nonelectrified probe in the re- 
tention test, differences were absent between the CEA-lesioned 
and sham-lesioned animals in burying behavior (Table 2). Some 
animals showed biting behavior toward the probe, irrespective 
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TABLE 2 
EFFECTS OF POSTFRAINING CEA LESIONS ON 




burying 17•3 ± 7.9" 29•9 ± 4.5 
biting 22.1 + 10.7 8.7 + 3.3 
immobility 6.3 ± 1.4 19.9 ± 7.2* 
10 rain 
burying 7.3 -+ 6.2 11.7 + 3.3 
biting 8.6 ± 8.6 0.7 _+ 0.6 
immobility 2.8 ± 1.6 25.8 + 8.0* 
20 min 
burying 3.4 z 2.6 11.7 ± 6.2 
biting 0.0 ± 0.0 0.4 ± 0.4 
immobility 2.0 ± 1.2 40.1 + 10.3+ 
aPercentage of time _+ S.E.M. spent with the given behavior. 
*p<0.05; +p<0.01. 
of lesion or sham lesion. At t = 20 rain, almost all burying be- 
havior disappeared. However, a statistically significant differ- 
ence appeared in immobility behavior. Already, during the first 
period (1-5 min), the sham-lesioned animals showed signifi- 
cantly more immobility (p<0.05). This difference remained sig- 
nificant during t= 10 (p<0.05) and t=20 min (p<0.01). 
Cardiac response. In the acquisition test, all animals showed 
a tachycardiac response during the presentation of the electrified 
shock-probe, which disappeared at t = 10 min (data not present- 
ed). Upon the reexposure to the (nonelectrified) shock-probe, 
again an early tachycardiac response was seen. No statistically 
significant differences were seen in the CEA-lesioned animals 
compared with their sham-lesioned controls (Fig. 3). 
DISCUSSION 
The findings show a complex consequence of the destruction 
of the CEA on acquisition and retention of an aversive stimulus 
in the home cage. The findings cannot be explained as simple 
deficits in learning and memory. Rather, the balance of the ac- 
tive and passive behavioral and correlated autonomic (sympathet- 
ic and vagal) components of the stress response seems to be 
altered by the lesion. CEA lesioning failed to affect the duration 
of the active behavioral component, i.e., defensive burying, 
upon presentation of the shock probe into the home cage of the 
animals in the early phase of the retention test. Furthermore, the 
CEA is not involved in the sympathetic component of the auto- 
nomic stress response, indicated by an unchanged tachycardiac 
response accompanying the defensive burying behavior. These 
results are supported by our other findings demonstrating that 
peripheral epinephrinic and norepinephrinic responses as a con- 
sequence of conditioned fear of inescapable footshock were not 
affected by CEA destruction (Roozendaal et al., in preparation). 
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FIG. 3. Changes in interbeat interval (IBI) (± S.E.M.) as a consequence 
of the presentation of the nonelectrified probe in the home cage of the 
posttraining CEA-lesioned (O: n=6/ or sham-lesioned animals (O: 
n=9). 
lowing CEA lesioning, e.g., the disappearance of an increase in 
blood pressure to conditioned fear (10). This discrepancy may 
originate from differences in somatic-autonomic coupling (13) 
that develop in the different paradigms. The discrepancy may 
also be due to the differentiated sympathetic control of different 
organ systems. The differentiated control may already be present 
at the level of the CEA. 
The main behavioral effect of lesioning of the CEA was at- 
tenuation of the more passive type of behavioral stress response 
during the late part of presentation of the probe, both after pre- 
training and posttraining lesioning. However, a previous study 
showed that, when the CEA lesions were placed posttraining, 
conditioned immobility behavior, which is the typical behavioral 
response to fear of inescapable shock, was not affected, whereas 
the conditioned bradycardiac response was absent (17). Although 
the experimental environment, i.e., home cage vs. novel envi- 
ronment, may contribute to the discrepancy between the results, 
we maintain the view that the possibility of making a choice be- 
tween active or passive coping, i.e., burying and immobility, in 
the defensive burying test is the major factor. The forced expo- 
sure procedure (17), like other classical inescapable paradigms, 
does not allow a choice. A CEA-lesioned rat seems to switch 
behavior more actively in comparison with the sham-lesioned 
controls, which is dominantly showing fear-induced immobility. 
Together with the diminished immobility behavior, the bradycar- 
diac response was also attenuated. These findings are consistent 
with the idea that the CEA is specifically involved in the condi- 
tioned parasympathetic stress responses. A number of studies 
suggest hat neurons originating in the CEA control the vagal 
output probably by means of its monosynaptic, peptidergic fiber 
connections to the dorsomedial medulla, particularly to the nu- 
cleus of the solitary tract, the dorsal medial nucleus of the va- 
gus and the ambiguus nucleus (5, 9, 18, 19). 
Finally, the present findings show that, when the lesion was 
placed pretraining, the animals did not show retention during the 
conditioned test situation. This implicates that the CEA might 
also play a role in the acquisition of a stress-induced learning 
task (11). 
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